We study the role of the bank-lending channel in propagating fluctuations in commodity prices to credit aggregates and economic activity in developing countries. We use data on more than 1,600 banks from 78 developing countries to analyze the transmission of changes in international commodity prices to domestic bank lending. Identification relies on a bankspecific time-varying measure of bank sensitivity to changes in commodity prices, based on daily data on bank stock prices. We find that a fall in commodity prices reduces bank lending, although this effect is confined to low-income countries and driven by commodity price busts. Banks with relatively lower deposits and poor asset quality transmit commodity price changes to lending more aggressively, supporting the hypothesis that the overall credit response to commodity prices works also through the credit supply channel. Our results also show that there is no significant difference in the behavior of foreign and domestic banks in the transmission process, reflecting the regional footprint of foreign banks in developing countries.
Introduction
Developing countries have traditionally been extremely vulnerable to adverse external shocks, with severe impact on output growth and macroeconomic and political stability (Deaton, 1999; Loayza et al., 2007; Raddatz, 2007; Brückner and Ciccone, 2010; Dabla-Norris and Bal Gunduz, 2014; Bazzi and Blattman, 2014) . Among external shocks, commodity price shocks tend to be particularly important for developing countries, given their high reliance on commodity exports. While changes in commodity prices can be expected to directly affect earnings of firms and government revenues, and thereby economic activity, the role of the banking sector in propagating these shocks to the real economy is less clear. In this paper, we focus on uncovering this latter channel in the transmission of commodity price shocks to the real economy through bank lending. As the size of the financial sector increases with economic growth in developing countries, macro-financial linkages can play an increasingly important role in the transmission of shocks, both domestic and external, to the real economy. While there is no dearth of studies on the international transmission of shocks through the banking sector in the context of advanced and emerging market economies (Cetorelli and Goldberg, 2011; Schnabl, 2012; De Haas and Van Horen, 2013; Ivashina et al., 2015; Ongena et al., 2015; Morais et al., 2017) , there is little evidence on the transmission of global shocks to developing countries, possibly because banks are relatively less integrated in the global financial system. At the same time, banks still represent an important source of finance for domestic firms in an environment of limited financial depth. Thus, depending on its potency, the transmission of international shocks through bank lending could have important effects on the real economy in developing countries, where bank credit is a key driver of firm growth and entrepreneurship, and can have significant welfare implications through employment creation and poverty alleviation. (Burgess and Pande, 2005; Beck and Demirguc-Kunt, 2006; Karlan and Zinman, 2010; Banerjee and Duflo, 2014; Bruhn and Love, 2014) .
In this paper, we try to fill this gap in the literature by assessing whether and to what extent banks in developing countries transmit changes in international commodity prices to the domestic economy through the bank-lending channel. We also investigate the mechanisms that drive the transmission process, to uncover differences in these channels compared to the experience of financially more advanced economies. Specifically, we examine whether the funding and capital structure of banks play a role, whether bank ownership (foreign vs domestic) matters, and whether there are asymmetries across episodes of commodity prices increases versus declines.
Examining the strength of spillovers from global shocks to developing countries through the lens of global commodity price changes is ideal for three main reasons. First, many developing countries are highly reliant on commodities and fluctuations in commodity prices are often a major source of economic volatility. Fernández et al. (2017) , for instance, estimate that over a third of the variance of output, consumption, and investment in developing countries is accounted for by fluctuations in commodity prices and the world interest rate. Similarly, Raddatz (2007) shows that even if most of the variance in real per capita GDP in lowincome countries is explained by domestic factors, the effect of external shocks is economically meaningful and, among external shocks, changes in commodity prices are the most important sources of output fluctuations. Second, the last 15 years have been characterized by ample swings in countries' idiosyncratic terms of trade, which provide enough variability in the data to look at the effect of international commodity price changes on bank lending. Finally, international commodity prices-and their changes-could be considered exogenous to bank lending behavior (see Bazzi and Blattman, 2014 , for a comprehensive discussion of commodity price shocks in a developing country setting). 1 International commodity price swings can impact real activity directly by affecting margins of exporters -a fall in commodity net export prices would have a negative impact on the profits of exporters, likely inducing a scale back in employment or postponement of investment.
To the extent some of the economic activity was financed through borrowing, the shock will also result in a lower demand for credit. This is the direct effect of a fall in commodity prices.
In addition, low commodity prices could also dampen credit through an additional channel vis-a-vis a liquidity shock or a deterioration of bank health. For instance, lower deposits due to slower economic activity could generate a liquidity shock to domestic banks. Insofar as banks cannot easily substitute deposit funding with wholesale funding (which is typically the case in developing countries), they would respond by curtailing credit (Kashyap and Stein, 2000; Jayaratne and Morgan, 2000; Khwaja and Mian, 2008) . Moreover, government arrears and weak revenue growth of commodity dependent firms may render them unable to service their loans, thereby worsening bank asset quality and eroding capital. The diminished ability of banks to raise market funding would impact the asset side and, as a result, bank lending to the economy can slow down further (Gambacorta and Shin, 2016) . This is the indirect effect of a fall in commodity prices through the bank-lending channel.
1 A possible concern is that some countries are not 'price-takers': for those countries, if growth collapses for a different reason, the recession could affect both international prices and bank lending-via lower demandgenerating a spurious correlation between the two variables. However, demand for credit should affect all bank equally in this case, while our identification relies on differential bank exposure to the commodity sector, and in particular, on the deterioration of bank credit quality. In addition, since our commodity net export price index considers exports and imports of a comprehensive basket of 45 commodities, we argue that the possible effect of one commodity would be partially washed out by other commodity prices for which the country is 'price-taker'. Finally, as a robustness check, we exclude countries that depend on a single commodity (see Section 5).
Our analysis focuses on uncovering this indirect channel through which international commodity price changes can induce changes in domestic credit. We estimate the effect of international commodity prices on domestic bank lending over the period 2004-2015 using a large sample of over 1,600 banks in 78 developing countries. This period is characterized by large swings in commodity prices and our identification strategy hinges on differential exposure of individual banks to variations in country-specific commodity net export prices. In the spirit of Acharya and Steffen (2015) and Beck et al. (2017) , we construct a time-varying, bank-specific measure of exposure or sensitivity for each listed bank in our sample using factor loadings from a regression of daily bank stock prices on the broad market index and commodity prices.
In particular, we are interested in the heterogeneous response of banks to commodity net export prices, depending on their sensitivity to the commodity sector.
Our baseline results confirm that banks which are more exposed to the commodity sector (i.e. banks whose stock prices show a higher comovement with commodity prices) reduce lending more in response to a fall in international commodity prices, even after controlling for bank specific characteristics and macroeconomic factors. A one standard deviation decline in the commodity net export price index (which amounts to about 10 percent decline in the net commodity export price for a median economy) is associated with a 1.1 percentage points decline in lending by a bank weakly exposed to the commodity sector and with a 1.8 percentage points decline for a highly exposed bank. 2 We also find that this effect is driven by banks located in low-income countries, especially commodity exporters. For instance, a decline in net export prices similar to that experienced by Nigeria between 2009 and 2010 leads to a 4.9 percentage points contraction in lending by banks highly exposed to the commodity sector.
A key challenge is identifying whether the change in bank lending is the result of a shift in the demand or supply of credit. On the one hand, after a decline in commodity prices, banks which are more exposed to the commodity sector can see a larger contraction in lending relative to weakly exposed banks if exporters postpone their investment and reduce their demand for credit. This is the credit demand channel of commodity prices. On the other hand, the credit supply channel would be at play if highly exposed banks experience a liquidity shock, and this would result in an additional reduction in bank lending. A sharp decline of commodity prices will likely slow down economic activity, possibly leading to a fall of bank deposits (see Figure 1) . Given the high reliance of banks in developing countries on retail funding, the liquidity shock may end up affecting the credit supply of highly exposed banks. The credit supply chan-2 A one standard deviation decline in the commodity net export price index in our sample broadly corresponds to the average decline between 2010 and 2013. We define banks as weakly (highly) exposed to the commodity sector if they are at the 10 th (90 th ) percentile of the sensitivity measure, as defined below, Section 3. nel can also operate through a deterioration in bank asset quality, as exporters find it unable to service their loan repayments, leading to an increase in non-performing loans of the highly exposed banks. While we can control for a set macroeconomic variables which could affect the demand for credit (mainly GDP growth and interest rates), and we saturate the model with bank, country, and time fixed effects 3 , we cannot absorb bank-specific time-varying shifts in credit demand. Thus, our baseline analysis cannot establish if the response of credit to commodity prices is due to a credit supply or a credit demand channel. To try to disentangle between these two channels we exploit the heterogeneity in bank balance sheet characteristics. If the demand channel is explaining the positive correlation between commodity prices and bank lending seen in the baseline results, the transmission mechanism should not depend on funding and balance sheet strength of banks. However, if the transmission mechanism is working also through the credit supply channel, it should be stronger for banks with weak deposit-to-assets ratio and worse asset quality.
When looking at bank heterogeneity, our findings suggest that bank balance sheet changes (in liquidity and asset quality) induce an additional effect of international commodity price shocks on the supply of credit. We find that the deposits-to-assets ratio and asset quality (as measured by the ratio of NPLs to gross loans) are important factors driving how aggressively a bank responds to changes in commodity prices. Banks with low deposits-to-assets ratio and with high non-performing loans to gross loans reduce lending more in the event of a decline in commodity prices, consistent with the presence of a credit supply channel. In terms of economic magnitude, a bank at the 90th percentile of our sensitivity measure, and with low (high) deposits, contracts lending by 4.1 (1.6) percentage points in response to a one standard deviation decline in the commodity net export price index.
We provide further evidence that the credit response to changes in commodity prices is significantly affected by the credit supply channel by looking at the direct effect of commodity prices on a set of bank balance sheet characteristics. We find that, in response to a commodity price bust, bank deposits contract more in banks more sensitive to commodity prices, consistent with the hypothesis that the slowdown in loan growth is due to a liquidity shock (Kashyap and Stein, 2000) . We also find that non-performing loans increase more for banks more sensitive to commodity prices, in line with the idea that banks reduce their credit supply because of worsening asset quality and subsequent problems in raising market funding.
Our analysis provides two other insights. First, we do not find any significant difference in the response of foreign banks and domestic banks to fluctuations in commodity prices. This 3 While there is not enough variation in our data to include country × year fixed effects, we are able to add to the model country × bi-annual fixed effects to proxy for time-varying country-specific changes in demand. finding can be explained by the prevalence of 'regional' foreign banks in low-income countries, or the fact that foreign banks are locally incorporated and reliant on retail funding, as compared to 'global' foreign banks in advanced economies. Hence, a foreign bank in Ghana from Nigeria may not be able to source funding from its home country as commodity price busts affect all commodity exporters (Nigeria and Ghana in this example) simultaneously. Second, our results reveal that the transmission of commodity price shocks to the banking sector is asymmetric. The positive relationship between commodity net export prices and loan growth observed in the overall sample is driven exclusively by period declining commodity prices.
Our results are robust to a number of additional exercises, which use alternative sensitivity measures and country-specific commodity price indexes, expand the set of macroeconomic variables to control for the credit demand channel, and use different model specifications.
Our paper speaks to the literature on the economic effects of commodity price changes in developing countries and makes a contribution on three fronts. First, we expand on the literature on the international transmission of macroeconomic shocks through the bank lending channel (Peek and Rosengren, 1997; Cetorelli and Goldberg, 2011; Schnabl, 2012; Ivashina et al., 2015; Ongena et al., 2015; Baskaya et al., 2017; Morais et al., 2017) by focusing on the role of commodity prices, which represent a key external shocks for many developing countries.
In this respect, understanding the role of banks in the transmission of international commodity prices could provide novel insights, given that the banking sector in developing countries differs along a number of features compared to more advanced economies-bank size and efficiency, funding and capital structure, and foreign ownership (Beck et al., 2010; Allen et al., 2014; Claessens and Van Horen, 2014) . Indeed, the lack of evidence of any specific role for foreign banks in amplifying or dampening the transmission of shocks is unique to the experience of low-income countries, and can be explained by the prevalence of regional banks, the strong reliance on retail funding also of foreign banks, and the ineffectiveness of internal capital market funding. Instead, a strong transmission for banks with low deposits indicates that banks' ability to tap other sources of funding is limited, consistent with a lower share of wholesale funding in developing countries. While the analysis focuses on bank-specific effects, the aggregate country-specific effects would also clearly be higher for countries that are more dependent on commodity exports and thereby are host to banks that are more sensitive to commodity prices.
Second, we quantify the role of the financial intermediation channel in the transmission of commodity price shocks on real activity, which has been often overlooked by the development literature (Mendoza, 1997; Deaton, 1999; Bleaney and Greenaway, 2001; Raddatz, 2007) . Our results suggest that fall in commodity prices could have a second-round effect on economic activity through a contraction in credit supply, and this effect could be economically significant, given the heavy reliance of several developing countries on the traditional banking sector. 4 Third, we provide new evidence on the asymmetric effect of commodity prices and on the importance of bank balance sheet strength and macroeconomic fundamentals for the transmission of the shock to domestic credit, which can guide the current debate on macroprudential policies in developing countries.
The rest of the paper is organized as follows: Section 2 presents the data, Section 3 outlines the empirical strategy, Sections 4 and 5 discuss the results and a set of robustness checks, while Section 6 concludes.
Data and stylized facts

A country-specific commodity net export price index
In the spirit of Deaton and Miller (1995) and Bazzi and Blattman (2014) , we consider a countryspecific measure of commodity prices based on 45 commodities. More specifically, we use the commodity net export price (CNEP) index constructed by Gruss (2014) , starting from monthly data, as follows:
where, P j,τ is the logarithm of the relative price of commodity j in period (month) τ within year t (in U.S. dollars and divided by the IMF's unit value index for manufactured exports), and the weights are pre-determined and calculated as a three-year average:
where, x i,j,t−s is the export value (in USD) of commodity j from country i in year t − s, and m i,j,t−s is the import value (in USD) of commodity j by country i in year t − s. Hence, the weights reflect the net-export of each commodity as a share of total trade (sum of exports and imports of all commodities) in a given country. 4 To the best of our knowledge only a few papers have investigated the effects of commodity prices on the financial sector in developing countries. Kinda et al. (2016) look at the effect of commodity prices on financial fragility in a sample of emerging and developing countries and show that negative commodity price shocks are associated with higher non-performing loans, lower profitability, and a higher likelihood of banking crises. Ftiti et al. (2016) look at the relationship between commodity prices and credit to the private sector in three African commodity exporters-Burkina Faso, Niger and Ivory Coast-and show a strong association between fluctuations in commodity prices and private credit. Moreover, in another recent contribution, Caggiano et al. (2014) focus exclusively on LICs to identify the drivers of banking crises, but they do not explicitly take into consideration the role of commodity prices.
The key advantage of such a measure, compared to a more standard commodity price index, is that being country-specific, it can take into account the fact that prices of different commodities have been moving quite differently in past years, so that not all countries have been equally hit by the slowdown in commodity prices. 5 Also, having predetermined weights, rather than fixed ones, it takes into consideration the rapid change in the composition of export products in several developing countries.
Data on macroeconomic variables-GDP, domestic interest rates, inflation, exchange rates, credit to the private sector-are from the IMF's World Economic Outlook and International Financial Statistics Database, and the World Bank's World Development Indicators, while the index of capital account openness is taken from Chinn and Ito (2006) . See Table A2 for variable definitions and data sources.
Bank-level data
We use bank-level data from Bankscope, a global database of banks' financial statements which covers about 90 percent of the total assets of the banking system in each country. The sample is constrained by the availability of bank-level data in Bankscope. In particular, we limit our analysis to developing countries with data for at least 5 active banks in any year and we retain banks with at least one non-missing value for the key bank-level variables used in the baseline model. 6 As a result, our sample consists of 78 countries with 1,642 active banks for the time period 2004-2015. 7 We use the following bank-level variables from Bankscope: the growth rate of total loans (measured in nominal USD), the ratio of equity over assets, the ratio of deposits over assets, liquidity (defined as the ratio of liquid assets over deposit and short term funding), size (as the log of total assets), return on assets (ROA), and the ratio of non-performing loans to gross loans. 8 Daily data on stock prices for listed banks in our sample is from Datastream and Bloomberg and data on stock market index in each country is from Bloomberg. Table 1 presents the summary statistics for loan growth and the key bank characteristics, isolating banks headquartered in low-income countries in the bottom panel. It is important to note that there is significant variation across banks in terms of balance sheet characteristics, a feature that we will exploit in our analysis of the transmission of commodity prices on lending 5 This indicator also shows an improvement in the country-specific terms of trade for commodity-importing countries when commodity prices decline. 6 We use the World Bank classification of low-and middle-income country groups, excluding G-20 countries, to define developing countries in our sample.
7 Out of the 1,642 banks in the sample, 495 are headquartered in low-income countries and 249 banks are listed. See Appendix Table A1 for the list of countries and the number of banks (and listed banks) included in the sample.
8 Total loans include credit extended to all sectors of the economy and we are not able to distinguish between private and public sector lending. The definition of each variable is in Table A2 ; all variables are winsorized at the 5 th and 95 th percentile to remove outliers. across different banks. In particular, average (median) loan growth in the sample is 18.6 (12.6) percent, but it shows a large variation across banks. Loan growth is somewhat higher (about one percentage point) for domestic compared to foreign banks and for stronger capitalized banks. More interesting differences in loan growth emerge across other bank characteristics.
Banks with low deposit funding and low NPL ratios shows much higher loan growth, on average, than banks with relatively higher deposits and NPL ratios, and this is true also with the sample of low-income countries. Loan growth tends to be sensitive to commodity prices, especially in countries with a high share of commodity exports to GDP. A simple plot of the data illustrates the positive correlation between loan growth and the commodity net export price index, particularly in low-income countries (Figure 2 ).
Empirics
Bank sensitivity to commodity prices
Our strategy to identify the effect of commodity prices on bank lending relies on the differential sensitivity of banks to variations in commodity prices. The ideal method to compute sensitivity of banks to commodity prices would be to directly observe the balance sheets of these banks and look for the share of loans to commodity exporters in total lending. However, we are restricted by our sample from doing so. Balance sheet data for banks in developing countries do not allow us to compute a precise measure of sensitivity using loans to commodity exporters. Instead, we use a novel methodology to construct our measure of bank-level sensitivity, motivated from the observation that stock prices of banks that are strongly exposed to the commodity sector tend to move together with commodity prices. (2017), we compute a time-varying sensitivity measure for each listed bank in our sample by estimating the following regression on a one-year rolling window for each year and each listed bank:
where, ln(P) bd is the log of daily stock price of bank b on day d, ln(COMMODITY PRICE) d is the log of commodity price index on day d and ln(MARKET I NDEX) d is the log of stock mar-ket index of the country where the bank is located. 10 To get the sensitivity measure of a bank b to commodity prices for year t, we estimate equation (3) using daily data in the period t − 1 to t and use the coefficient β as our sensitivity measure. 11 Figure 4 shows the distribution of our bank-level measure of sensitivity to commodity prices, calculated for the 249 listed banks in our sample, separating between the whole sample and those restricted to banks headquartered in low-and middle-income countries. The chart shows that the estimated β are normally distributed in all samples, even though the mean (and the median) is larger in LICs than in MICs (0.284 versus 0.025), suggesting a greater dependence of banks headquartered in low-income countries on the commodity sector.
Since about 15 percent of the banks in our sample are listed, if we retain only the listed banks in our sample we are not left with enough observations to run a cross-country analysis.
Hence, to maintain enough degrees of freedom, we impute the sensitivity measure for the unlisted banks in two steps: first, for a given country-year pair, we impute the sensitivity measure for unlisted banks as the average bank-level sensitivity measure of listed banks in that country and for that year. For those countries in our sample without listed banks, we use the share of commodity exports in the country's GDP as our measure of sensitivity. This choice ensures that we do not exclude countries with underdeveloped financial markets from the analysis. In doing so, we assume that banks located in commodity-dependent countries are more affected by commodity price shocks than the ones located in countries with low dependence on commodity exports, and that all banks in the country are equally exposed to the commodity sector. 12 Figure 5 shows that there is a substantial variation in the share of commodity exports over GDP across banks. For the bank in the median country, the share of commodity exports to GDP is around 7 percent, but the share varies substantially across banks-the third quartile is above 15 percent and, on average, commodity exports account for more than 20 percent of GDP in a number of countries in the sample (e.g., Bolivia, Congo, Mauritania, Mongolia, Nigeria, Tajikistan, Vietnam, Yemen and Zambia).
Loan growth and commodity prices
We look at the response of bank lending to changes in commodity prices by estimating the following model, based on the traditional specifications used to estimate the reaction of bank lending to monetary policy shocks (Kashyap and Stein, 1995; Gambacorta and Mistrulli, 2004; Gambacorta, 2005; Gambacorta and Marques-Ibanez, 2011; Aiyar et al., 2016) :
where ∆LOANS bct is the growth rate of outstanding loans (in nominal USD) of bank b, located in country c, in year t; CNEP ct−1 is the country-specific commodity price index presented in equation 1 for country c in the previous year (t − 1); SENS bct−1 is the lagged sensitivity measure of bank b to commodity prices, as discussed above; COUNTRY ct−1 is a set of countryspecific control variables including real GDP growth and the logarithm of domestic interest rates; BANK bct−1 is a set of time-varying bank-specific controls, lagged one period, including past loan growth, measures of liquidity, size, capitalization, and deposits to asset ratio; δ b and τ t are bank and year fixed effects; and bct is the standard error term. 13 Since the sensitivity measure varies at the bank level, standard errors are also clustered at the bank level to allow for intra-bank autocorrelation of the residuals within banks. The coefficient of interest is α 1 , which identifies the extent to which changes in commodity prices affect bank lending, exploiting the differential sensitivity of banks to the commodity sector.
A key challenge when estimating the effect of commodity prices on bank lending is disentangling the credit demand from the credit supply channels. The estimated coefficient on the commodity price index, in fact, could capture a change in the supply of bank lending, but also a shift in demand for credit. For instance, a sharp decline in the terms of trade would induce a slowdown of economic activity of exporters, which will demand less bank credit. However, it could also affect bank asset quality (e.g., through an increase in NPLs due to worse economic conditions), so that banks will contract their balance sheets-this would be the supply channel.
While the baseline estimation is silent on which of these channels is driving the result, we will try to tackle this issue providing further evidence on the transmission mechanism in Section 4.2.
Bank fixed effects control for the possibility that a systematic matching between banks and firms confounds the identification of the effect of commodity prices. For instance, there is a consistent literature showing that large banks often lend to large firms (Berger and Udell, 2002) and that the latter are more likely to be exporters (see, for instance, Rankin et al., 2006, for evidence on Africa) and affected by commodity prices. In that case, the change in prices would affect the demand for credit, rather than the supply. Controlling for bank fixed effects enables us to get around this issue to some extent, however, it does not allow us to get clean estimates of the credit supply channel.
The inclusion of year fixed effects absorb global shocks that may change the demand for credit (i.e., the global financial crisis), while GDP growth and the level of interest rate absorb part of the country-specific demand for credit. 14 To control for country-specific unobserved heterogeneity in credit demand, we include country fixed effects and, as a robustness exercise, we also include time-varying country fixed effects to absorb differential shifts in credit demand over time and across countries (see Section 5). However, even though time-varying country fixed effects may be able to capture cross-country unobserved heterogeneity in credit demand, they do not allow us to capture bank-specific heterogeneity in credit demand, preventing a clean identification of the credit supply channel. between commodity prices and bank lending in developing countries. The coefficient on commodity net export prices is positive and precisely estimated and, in the specifications with all controls and fixed effects, indicates that one standard deviation in the commodity net export prices index-which in our sample broadly corresponds to the average decline between 2010 and 2013-is associated with a contraction of 1.5 percentage points in bank lending one year ahead. The coefficients on control variables have the expected sign and are significant: loan growth is faster for more liquid, better capitalized and smaller banks, and for those with a higher deposits-to-assets ratio. The positive and significant coefficient on the lagged loan growth indicates some persistence in bank credit. Bank lending is also stronger in countries that grow faster (the effect decreases comparing contemporaneous and lagged growth), and it slows down in response to a (contemporaneous) increase in interest rates.
Results
Baseline results
To identify the effect of international commodity prices on the domestic economy through the financial intermediation channel, in column 5 we exploit the cross sectional variation of bank sensitivity to the commodity sector. Once we introduce the interaction term between 14 Results are robust to the inclusion of several other macroeconomic variables, see Section 5.
the lagged value of the commodity price index and the measure of sensitivity to fluctuations in commodity prices of the country in which the bank is located, we find that the effect of commodity prices on loan growth depends on the intensity of bank sensitivity to the commodity sector. The positive and significant coefficient on the interaction term CNEP × SENS implies that banks which are more sensitive to commodity price shocks curtail lending more in response to a fall in commodity prices. In terms of economic magnitude, one standard deviation decline of the commodity net export price index is associated with a contraction of loan growth of 1.8 percentage points for banks highly exposed to the commodity sector (i.e., those with SENS at the 90 th percentile of the sample distribution), and with a 1.1 percentage points reduction for weakly exposed banks (those with SENS at the 10 th percentile of the sample distribution.
To check whether the positive relationship between commodity prices and credit is a specific feature of low-income countries, we split the interaction term CNEP × SENS into two country groups-low-income and middle-income countries (column 6). We find that the interaction term is significant and positive only for LICs. In the last column we run the baseline model of column 5 only on the sample of banks headquartered in LICs and we find a coefficient on the interaction term very similar, albeit marginally higher, to that estimated on the whole sample. This result can be explained by different factors. A less developed and shallow banking system in low-income countries could be more vulnerable to fluctuations in commodity prices. Even if the banking system is resilient to shocks, a higher dependence of LICs on commodity exports, would imply a stronger transmission from prices to credit aggregates.
Thus, from now on we will base the analysis of the bank lending channel of commodity prices on the sub-sample of banks located in LICs, focusing on heterogeneous effects across bank and country characteristics.
Bank heterogeneity
Our baseline results suggest that in the event of a commodity price decline, banks with a high exposure to commodity prices reduce lending more relative to banks with low exposure. This result is agnostic of the distinction between credit supply and credit demand channel. Changes in commodity prices can, in fact, affect bank lending through the credit demand or the credit supply channel. As commodity prices fall, banks which are more exposed to commodities can see a larger decline in lending relative to weakly exposed banks if exporters postpone their investment and reduce their demand for credit. This is the credit demand channel of commodity prices. If, however, highly exposed banks experience a liquidity shock-as deposits fall due to a decline of commodity prices-they will be more likely to curtail lending, as retail deposits is typically the dominant source of funding for banks in developing countries. This is the credit supply channel of commodity prices. This channel can also operate through a deterioration in bank asset quality, as exporters find it unable to service their loan repayments, leading to an increase in non-performing loans of the highly exposed banks. If the demand channel is explaining the positive correlation between commodity prices and bank lending seen in the baseline results, the transmission mechanism should not depend on funding and balance sheet strength of banks. However, if the transmission mechanism is working through the credit supply channel, it should be stronger for banks with weak deposit-to-assets ratio and worse asset quality (measured by the ratio of non-performing loans to total loans).
To uncover the mechanisms behind the transmission of commodity prices to credit growth and provide evidence supporting the credit supply channel, we focus on three measures of bank balance sheet strength-bank capital, deposits and non-performing loans. When considering balance sheet characteristics, we divide the banks into high and low groups, where low refers to the banks in the lowest decile of the sample distribution of the bank-characteristic in question, while high refers to the remaining banks. We enrich the model in equation 4 by splitting the coefficient on the interaction term CNEP × SENS between the two groups of banks (low and high levels of capital, deposits and NPLs), as follows:
In this model, we are interested in the coefficients γ h and γ l , which quantify the differential effect of commodity prices on lending across bank characteristics. Then, we consider bank ownership (foreign vs domestic) to test whether foreign banks could mitigate or amplify the effects of external shocks. 15 All specifications include the standard set of bank and countrylevel controls and bank, year, and country fixed effects. Table 3 summarizes the results. In column 1, 2, and 3 we show the estimates for banks with low and high equity, deposits and NPLs, respectively. While bank capital does not seem to play any role, the results on bank deposits and asset quality unveil interesting heterogeneities in the transmission process. Banks with a low deposits-to-assets ratio (column 2) and high non- 15 We classify a bank as a foreign bank if the country code of the global ultimate owner of the bank is different from the country code where the bank operates. performing loans to gross loans (column 3) are those which exhibit a stronger transmission of commodity price shocks to loan growth. The p-values reported at the bottom of Table 3 show that the difference between high and low categories is statistically significant. These findings lend support to the transmission of the external shock to loan growth via the credit supply channel. The exposure to commodity prices affects only the supply of credit of banks whose deposit base dries up, leading to a contraction in their lending capacity. Similarly, when commodity net export prices go down, non-performing loans start to accumulate as exporters suffer losses and government arrears grow. This negative effect on bank asset quality will impair bank ability to raise market funding and force them to reduce lending.
Overall, our results suggest that the bank-lending channel increases the vulnerability of the domestic economy to international shocks and provides another indirect mechanism that could magnify the transmission of commodity price changes to firms and to the real economy in LICs.
The results are also economically relevant: in response to a one standard deviation decline of the commodity net export price index, a bank with high exposure (at the 90 th percentile of the sample distribution) and low-deposit contracts lending by 4.1 percentage points. This effect is not trivial, given that the median loan growth for banks with low deposits to asset ratio is 19.8 percent. By contrast, the credit contraction for a bank with high deposits is only 1.1 percentage points. The effect for banks with relatively higher NPLs is smaller, as a one standard deviation decline in CNEP leads to a 1.7 percentage points lower credit growth (for those banks the median growth is 15.6 percent).
In column 4 we test for a differential effect across domestic and foreign banks. Contrary to the existing evidence pointing to foreign banks as a channel of transmission of financial shocks across borders (Cetorelli and Goldberg, 2012; Cull and Martinez Peria, 2010; De Haas and Van Lelyveld, 2014; Ongena et al., 2015) , we do not find any significant difference in the transmission behavior of foreign and domestic banks and the point estimates are extremely close. One possible reason behind the common effect across bank ownership is the similarity of business models between domestic and foreign banks that operate in low-income countries.
Many banks in low-income countries are regional banks (e.g., 'Pan-African' banks, see International Monetary Fund, 2015) that are locally incorporated and share a similar business model to many domestic banks and differ from large international banks (Claessens and Van Horen, 2014) . For instance, in our sample the foreign banks headquartered in LICs rely on retail funding as much as domestic banks, and their access to wholesale funding is much smaller than that of foreign banks headquartered in emerging economies. 16 Hence, if the home country of the foreign bank is simultaneously hit by a similar commodity price shock, the parent bank is unable to provide a protective liquidity buffer to its subsidiary in the host country.
Even though we do not find evidence that bank ownership matters for the transmission, we further rule out the possibility that our results are driven by the presence of foreign banks, some of which may have access to alternative sources of funding via internal capital markets, by replicating our analysis in the sub-sample of domestic banks. The results, presented in columns 5 and 6, indicate that the deposits-to-assets ratio and non-performing loans are the key channels for the transmission of commodity prices to bank lending. 17
Commodity prices and bank balance sheet strength
The results discussed in the previous section suggest that changes in commodity prices could affect the supply of credit in developing countries through a bank funding shock and worsening of asset quality. In this section we conduct a direct test to validate the mechanisms behind the transmission of the international commodity price shock to domestic lending. To formally assess the impact of commodity prices on the health of the banking system, we estimate a set of simple panel regressions in which a set of bank health indicators-equity over assets, the return on assets, non-performing loans to gross loans, and deposits over assets-are function of the lagged price changes (CNEP) and its interaction with the measure of bank sensitivity to commodity price changes (SENS). As in the loan growth equation, we include country, bank and year fixed effects to absorb bank-specific and country-specific unobserved heterogeneity and the effect of global shocks on bank performance.
Our results, based on the sample of banks headquartered in LICs, show that commodity net export prices indeed affect bank deposits and NPLs. Banks that are more sensitive to fluctuations in commodity prices experience a reduction of deposit funding and an increase in NPLs in response to a fall in commodity net export prices (Table 4 , columns 1 and 2). This evidence is in line with that found for the lending equation and provides further support to the credit supply channel, according to which banks more exposed to the commodity sector are more likely to experience a liquidity shock and a deterioration of asset quality, leading to a slowdown in the supply of credit. By contrast, there is no significant correlation with bank profitability, even though the coefficients have the expected signs (column 3). Finally, when looking at the total equity-to-assets ratio, results indicate that when commodity net export for foreign banks is 61 percent. 17 One may still wonder if our results are picking up something else. In particular the one related to a funding shock could be related to bank size, as smaller (independent) banks tend to rely more on retail deposits, while larger banks have an easier access to other liabilities (Kashyap and Stein, 2000; Campello, 2002) . However, when we divide banks between small and large we do find that the effect of commodity prices on lending is similar across the two groups (results available upon request). prices increase, the ratio decreases with the exposure of banks to the commodity sector. While counter-intuitive, this result could be explained by an expansion in bank assets following a positive change in commodity prices (column 4).
Country heterogeneity and asymmetry
The effect of commodity prices on bank lending could also depend on the characteristics of the countries where banks are located. In particular, the dependence on commodity prices could explain why the transmission of commodity prices to lending is limited to LICs. We look at the transmission of commodity prices to bank lending in countries with high and low dependence on commodity exports, by splitting the sample at a level of commodity exports equal to 15 percent of GDP, which approximately corresponds to the third quartile of the sample distribution of exports to GDP ratio. We find that only lending by banks in countries with high dependence on commodity exports is significantly affected by fluctuations in commodity prices, and the effect is stronger than in the overall sample: for a highly-exposed bank, one standard deviation decline in CNEP (amounting to about 10 percent decline) leads to a 4 percentage points fall in lending. By contrast, the coefficient on the interaction term for banks in more diversified exporters is smaller and not statistically significant (Table 5 , columns 1 and 2).
Since the macroeconomic effects of commodity prices can be non-linear (see, for instance, Hamilton, 2003, on oil shocks), we investigate the presence of an asymmetric effect of commodity price changes. While it is intuitive to see that a fall in commodity prices would affect bank health negatively and hamper credit growth, it is not obvious how an increase in commodity prices will immediately lead to an improvement in bank health. With declining commodity prices, exporting firms suffer losses and are unable to service loan repayments. This trend would manifest itself as a liquidity shock and a deterioration of bank credit quality, which can potentially lead to a fall in lending as banks' balance sheets worsen. A commodity boom, however, may not affect bank lending as greater profits of commodity exporters and government may end up being spent on more consumption rather than increasing the deposit base of the banking system via more savings. To the extent the commodity sector is financed by foreign direct investment instead of domestic borrowing, one can also expect banks to not see an increase in lending during commodity price increases.
To understand the transmission mechanism more clearly, in Table 5 we look separately at the effect of positive and negative commodity price changes on bank lending. We find that the positive correlation between commodity prices and loan growth is driven by negative price changes and in this case the coefficient is more than twice as large as in the baseline (column 4), while there is no response of loan growth to a positive change in commodity prices (column 3). This result is in line with the evidence provided by Beck and Poelhekke (2017) , who show that natural resource windfalls are not intermediated by the banking system, but are rather channeled to the economy through higher government consumption. 18
Robustness exercises
In this section, we test the robustness of our key results to alternative measures of sensitivity, sub-samples, additional variables, and model specifications.
Alternate measure of sensitivity
To make sure our results are not driven by the way we define our sensitivity measure, we construct an alternative measure of sensitivity to commodity prices-an index of specialization in the commodities sector, based on Beck et al. (2017) . The intuition is as follows: if a bank is well-diversified, its stock price should highly co-move with the broad stock market index, which moves in response to macroeconomic or system-wide news. Hence, for a welldiversified bank, a regression of daily bank stock prices on the broad market index should be able to explain most of the variation in its stock price. However, if a bank is more exposed to certain sectors, like commodities, its stock price should respond more to news specific to the commodities sector, after controlling for the macroeconomic impact that this sector-specific news may have. In this case, a model that regresses the bank's stock price on the broad stock market index alone may not be able to capture large part of the variation in the bank's stock price. Adding the commodity price index to the model should increase its explanatory power.
To compute the measure of specialization in commodities for each listed bank, we first estimate a model with the bank's daily stock price as the dependent variable and the broad market index as the independent variable:
Next, we include the daily commodity price index as an additional regressor:
Similar to equation 3, the above two equations are estimated in a one-year rolling window for each year. Our measure of specialization (SPEC) is given by the difference in R-squared from the two regressions:
. This measure varies between 0 and 1 and it is close to zero for banks whose portfolios are not concentrated in commodities. Figure 6 shows the distribution of our specialization measure, which has a mean value of 0.16 and a standard deviation of 0.19.
Our main results, re-estimated using the specialization measure, are presented in Table 6 .
The first column shows that the coefficient on the interaction term CNEP × SPEC is still significant and positive, confirming our baseline result of the presence of a bank lending channel for the transmission of international commodity prices to domestic credit. Columns 2 and 3
show the results for the sample split between positive and negative price changes and confirm that the overall positive correlation between commodity price and loan growth is driven by negative price changes. Finally, columns 4 and 5 replicate the key results for bank-level heterogeneity. We still find that banks with lower deposits-to-assets ratio show a stronger transmission from international commodity prices to loan growth. Banks with high levels of non-performing loans are also more vulnerable to fluctuations in commodity prices than those with low NPLs, even if the coefficients are less precisely estimated and therefore not statistically different.
Additional macroeconomic variables and controlling for credit demand
Next, we test whether our results are robust to controlling for other macroeconomic factors which could potentially explain the positive relationship between loan growth and commodity prices (Table 7) . For instance, one concern is that countries which see a fall in commodity prices are also likely to experience volatility in their exchange rate, which could have an impact on the credit supply. Since our identification strategy exploits variation in exposure to commodity prices at the bank-level, changes in exchange rates would confound our identification strategy only if the banks which are more exposed to commodity prices are also the ones which are more exposed to exchange rates, which is not necessarily the case. Nevertheless, in column 1 we control for exchange rates at the country-level and find that our key result is robust: the coefficient on the interaction term between commodity prices and sensitivity remains positive and significant and with a magnitude very close to that of the baseline (Table 2 , column 7). Another concern could be that countries with open capital account could see capital outflows during periods of commodity busts and capital inflows during periods of commodity booms, which could explain the positive relationship between lending and commodity prices.
To address this concern, we include an index of de jure capital account openness (Chinn and Ito, 2006) and we find that our baseline results remain robust, while financial openness does not contribute to explain the variation in loan growth (column 2).
To better control for credit demand, we run additional tests. We start by augmenting the baseline model with: 1) the one-period ahead GDP growth forecast, to capture changes in demand for bank credit due to expectations and changes in investment (column 3), and 2) the ratio of credit to the private sector over GDP, as more financially developed countries could have a higher demand for loans (column 4). In both cases the coefficient on the interaction term CNEP × SENS remains precisely estimated. Interestingly, we find that the coefficient on the one-period ahead GDP growth forecast is positive and significant, suggesting that it may help to capture part of credit demand (the R 2 in fact increases to 0.49).
Then, to further allay concerns that our results are driven by credit demand rather than credit supply, we include country × bi-annual fixed effects, which should be a reasonably good proxy for changes in demand at the country-level. We do not include country × year fixed effects since in our data there is not enough variation, given that the main variable of interest, CNEP, varies at the country-year level. We believe that the next best alternative is to use biannual fixed effects. Results, reported in column 5, show that the interaction terms remain significant at 1 percent and very similar in magnitude to that of the baseline, strengthening our hypothesis of the presence of a credit supply channel.
Other robustness checks
Finally, we conduct a few other tests to ensure that our results are robust to changes in model specification, sample, and variable definitions (Table 8) . We begin by conducting robustness test on alternative specifications of our baseline regression (see equation 4). Given that the presence of a lagged regressor could bias the fixed effects coefficients, we estimate a static model and find that the coefficient on the interaction term remain almost unchanged and precisely estimated even if we exclude the lagged dependent variable (column 1). We also estimate the model by excluding bank fixed effects since the differential exposure of banks to commodity prices could be a function of the bank-specific business model. Including bank fixed effects would absorb significant variation in differential exposure to commodities and could weaken our results. We find that our results do not change if we exclude bank fixed effects (column 2).
In column 3, we make sure that the significance of our findings is not driven by the choice of clustering the standard errors at the bank level. Since we use also the share of commodity exports over GDP to construct the measure of sensitivity (i.e., for banks headquartered in countries without listed banks), we replicate the baseline regression by clustering the standard errors at the country level. Even though the standard errors are around 10-25 percent larger than in the baseline, the key estimated coefficients remain significant at least at the 5 percent level.
To be able to run our model on a sufficiently large sample of banks, we have constructed the sensitivity measure by merging bank-as well as country-level exposure to the commodity sector (Section 3.1). In order to address the concern that the country-level measure of exposure could be less precise and introduce measurement error in the SENS variable, we restrict our sample to countries which have at least one listed bank. In doing so, we exclude all banks for which we were earlier using the sovereign measure of sensitivity-the share of commodity exports over GDP. In this sub-sample the measure of sensitivity varies only at the bank-level.
Column 4 shows that, notwithstanding the significant drop in sample size (from over 495 to 239 banks), the coefficient on the interaction term retains its statistical significance.
An additional exercise deals with the possibility that large events in some countries can affect global commodity prices even if these countries are not "price makers" for those commodities (for example, large supply shock that shuts down all coal or copper mines in one country could temporarily affect world commodity prices for coal or copper). In that case, fluctuation in international commodity prices could be endogenous to local economic conditions. This possibility should not weaken our identification, since a negative shocks that affect the economy and international prices would have the same effect across all domestic banks, while our identification hinges on different bank exposure to the commodity sector. However, to fully address any remaining concern, we exclude from the sample banks headquartered in countries where a single commodity has a significant weight in the basket of exports. Formally, we calculate the average weight (ω i,j in equation 1) for each country-commodity pair over the sample period and, for each country, we select the highest weight. Then, we exclude all countries with the highest weight greater than 5 percent, assuming that those countries will be able to influence international prices for that commodity. 19 Our results are robust to this exercise (column 5).
In the last three columns we introduce alternative measures for our key variables. In column 6 we replace our measure of sensitivity with one obtained estimating the beta coefficients running a set of bank-level regressions (see equation 3) on daily stock prices on a two-year rolling window. Then, in column 7 we calculate loan growth in real USD, rather than in nominal terms. In both cases results are unaffected by these choices. Finally, as an alternative measure to the country-specific commodity price index used so far, we introduce a measure of 19 These countries are Cote d'Ivoire, The Gambia, Mauritania, Niger, Tajikistan and Zambia.
commodity export prices (CEP), which is defined as follows:
where, P j,τ is the logarithm of the relative price of commodity j in period t within year t (in U.S. dollars and divided by the IMF's unit value index for manufactured exports); the weights are pre-determined and calculated as a three-year average:
where, x i,j,t−s is the export of commodity j from country i in year t − s. Hence, the weights reflect the share of each commodity in total commodity exports of country i. This measure takes into account only the exports side and, hence, it could better capture the possibility that in some countries, what really matters for the transmission of the shock to banking sector health is a decline in export revenues. We estimate the baseline model using this measure and find that the positive relationship between commodity prices and loan growth is again significant (column 8).
Conclusions
This paper explores the role of bank lending channel in the transmission of international commodity prices to the domestic economy. We show that bank credit reacts to fluctuations in commodity prices and we document that the vulnerability to the bank lending channel is limited to low-income countries and stronger for countries with more dependence on commodity exports.
Our identification strategy exploits variation in exposure to commodity prices at the banklevel and tries to absorb the credit demand channel through a number of macroeconomic controls and fixed effects. Baseline results show that lending by banks that are more exposed to the commodity sector reacts more to changes in commodity prices. This result could be driven either by supply or demand forces. We attempt to tease out the credit supply channel by exploiting the heterogeneity in bank balance sheet characteristics, especially by focusing on liquidity and bank asset quality indicators. We observe that commodity price shocks have a negative effect on deposit funding and asset quality, which is associated with a contraction of the supply of credit. Consistent with these results, we find that banks with low deposits-toassets ratios and with high non-performing loans are those that reduce loan growth relatively more in response to a fall in commodity prices.
Overall, our results indicate that the bank lending channel could reinforce the direct effect of negative commodity price shocks on economic activity, which operates through a decline in export earnings, firm profitability, and government revenue, further constraining firm growth and investment. Moreover, the potency of bank lending channel of commodity prices is larger for banks which have lower deposits-to-assets ratios and higher non-performing loans. These findings underscore the importance to put in place strong financial regulation and macroprudential polices in developing countries, to strengthen the resilience of banking systems to commodity price shocks. Commodity price index
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Notes: The figure shows a binned scatterplot of loan growth (defined as yearly percentage change in outstanding loans, in nominal USD) and the commodity net export price index (CNEP, as defined in equation 1), separately for low-income and middle-income countries. To generate the binned scatterplot, starting from the regression sample (see Table 2 , column 1), CNEP is grouped into 20 equal-sized bins, then the chart plots, for each bin, the mean of CNEP and loan growth within each bin. Data on loan growth are from Bankscope. Tables   Table 1: Summary Statistics: Loan growth by bank characteristics   This table shows the summary statistics for the bank-characteristics; statistics for loan growth (∆LOAN) are shown also for the sub-sample of banks used in the bank heterogeneity regressions (see 3). The top panel shows the summary statistics for the full sample while the bottom panel is for the sample of low-income countries. Dummies for low bank characteristics are constructed considering the banks in the bottom decile of the sample distribution. All other banks are grouped in the high characteristic dummy. This table reports the estimates from the baseline regression, estimated over the period 2004 -2015 using annual data. The dependent variable is loan growth, defined as yearly change in nominal USD outstanding loans. The main independent variable are the commodity net export price index (CNEP, lagged one period) and its interaction with a measure of bank specific sensitivity to the commodity sector (SENS). Columns (1) and (2) include only the commodity net export price index and a different set of fixed effects; columns (3) and (4) add bank-level and country-level control variables, respectively. Column (5) includes our main variable of interest-the interaction of commodity price index with the sensitivity measure. Column (6) splits the interaction term into two country groups-LICs and MICs. Column (7) This table reports the estimates for the regression of loan growth on bank-level characteristics. In column (1), the interaction term between the commodity net export price index (CNEP) and the sensitivity measure (SENS) is split into banks with high and low equity. Column (2) splits the interaction term between banks with high and low ratios of deposits to assets. Column (3) splits the interaction term between banks with high and low NPL ratios. Dummies for low bank characteristics (equity, deposits, and NPLs) are constructed considering the banks in the bottom 10% of the sample distribution. All other banks are grouped in the high characteristic dummy. Column (4) splits the interaction term between banks domestic and foreign banks. A bank is defined as a foreign bank if the country code of global ultimate owner of the bank is different from the country code of the bank. The p-value for the test in the difference of coefficients of high and low bank characteristics is also reported in the table. Column (1), (2), (3) and (4) report the results for the sample of low-income countries. Column (5) and (6) This table shows the results for the transmission channels at the bank-level. The dependent variables are deposits/assets (column 1), the ratio of non-performing loans to gross loans (column 2), the return on assets (column 3), and the total equity-to-assets ratio (column 4). In all columns, the main independent variable is the interaction term between the commodity net export price index (CNEP) and the sensitivity measure (SENS). All columns include bank, country, and year fixed effects. All regressions are estimated on banks headquartered in low-income countries over the period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Standard errors, clustered at the bank level, are in parentheses.. *** p<0.01, ** p<0.05, * p<0.1.
Loan
(1) This table reports the estimates from a robustness exercise which uses an alternative measure of bank specific sensitivity to commodity prices. The dependent variable is loan growth, defined as yearly change in nominal USD outstanding loans. In column (1), the main independent variable is the interaction between the commodity price index and the alternative measure of specialization in commodities, SPEC. Column (2) and (3) replicate the asymmetry results for positive and negative commodity price changes, using the alternative measure of specialization. Column (4) and (5) replicate the bank heterogeniety results for deposits and NPLs using the alternative measure of specialization. All columns include bank-and country-level control variables as in the baseline specification, in addition to bank, country, and year fixed effects. All regressions are estimated on banks headquartered in low-income countries over the period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] column 6 ). The baseline model is estimated excluding the lagged value of loan growth (column 1), excluding bank fixed effects (column 2), and clustering the standard errors at the country level (column 3). In column 4 the sample is restricted to countries with at least one listed bank, hence excluding all the countries for which the measure of sensitivity was at the country level; while column 5 excludes countries for which the average share of commodity exports over GDP (calculated over the sample period) exceeds 5 percent (those countries are Cote d'Ivoire, The Gambia, Mauritania, Niger, Tajikistan and Zambia). In column 6, the sensitivity measure (SENS) is calculated by estimating the β coefficients in equation 3 on a two-year rolling window. In column 7 loan growth is defined in real USD. In column 8 CNEP The map shows the quantile distribution of exposure of each country to commodity exports. Commodity exposure is defined as the share of commodity exports to GDP. The darkest shaded countries are the ones which are most exposed to commodity exports.
